Introduction
Testicular torsion and detorsion are important clinical problems for infertile man. In fact, torsion of the spermatic cord is an emergency that results from rotation of the testis and epididymis around the axis of the spermatic cord. Male factor infertility accounts for up to half of all cases of infertility and affects one man in 20 in the general population [1] . While the annual incidence of testicular torsion is between one in 4,000 males and one in 158 males younger than 25 years, with peaks of incidence occurring in neonates and adolescents entering puberty [2, 3] . Urgent operative interventions are required to re-establish the blood flow and circumvent the perpetual damaging effects on the testis which may turn out to be decreased spermatogenesis in majority of cases thus permanently lowering fertility chances [4] .
Clinical and experimental data have shown that testicular torsion results in a spectrum of injuries dependent upon both the duration and degree of torsion [5] . Attempts at grading the severity of testicular injury after torsion have used such general parameters as fertility rates [6] , testicular size, testicular weight, testicular histology [7] , and semen analyses [8] . The results, however, have been conflicting. With 720-degree of torsion, several studies have reported reduction in testicular blood flow varying from 61.7% to 100 % [5, [9] [10] [11] , with ischemic injury after periods of time as diverse as 1 hour and 8 hours of torsion [10] [11] [12] [13] [14] . In a rat model of testicular torsion, permanent loss of spermatogenesis is observed after torsion repair despite the return of blood flow [11] .
As is evident from the literature reports, not much attempts have been made to investigate the effects of the torsion for the duration as early as 30 min. followed by detorsion for the varying duration ranging from 1 hour to 1 week. Experimental models of testicular torsion are valuable tools to evaluate the relationship between the degree and duration of torsion with the blood flow and resultant damage to the torsed testes.
The present study was carried out with the purpose of determining the ill effects of early phase of ischemia and early to extended phase of reperfusion induced by testicular torsion / detorsion experimental animal model.
Materials and Methods
Seventy two male Sprague -Dawley rats were obtained from the Central Animal House of AL-Arab Medical University, Benghazi, Libya. All animals weighed between 250-270 g. The animals were housed in cages in groups of three in each colony. The colonies were maintained at room temperature and on a 12-hour light/dark cycle. All the animals had a free access to food and water. Animals were divided randomly into six groups (12 animals per group) in the following order: 
Experimental testicular torsion
Adult male rats were anaesthetized using 20 mg/ ml of xylazine and 10 mg/ml of ketamine and the testis was rotated as described [6] . Briefly, the testis was exteriorized through a low midline laparotomy, the gubernaculums was divided and the testis was freed from the epididymo-testicular membrane. The testis was torsioned (720°) and repositioned in the scrotum. The testis was kept wet using sterile normal saline soaked gauze. At the appropriate time the incision was reopened, the testis was counter-rotated to the natural position, the gubernaculum was rejoined, and the testis was reinserted into the scrotum via the inguinal canal. At the time of repair testes were examined and scored for apparent degree of ischemia and of reperfusion, respectively. Testes were collected at appropriate specified time intervals under the experimental conditions as above after the repair of torsion on a glass plate resting over crushed ice. The testes were homogenised by taking 1g of tissue in a volume made to 10 ml of ice cold 0.15 M KCl (10% w/v; pH adjusted to 7.4) using a Teflon Potter Elvenhjem homogenizer.
The homogenate was employed for the estimation of total protein [15] . The testicular lipids were extracted and purified [16] for the determination of phospholipids and cholesterol. The phosphorus was estimated [17] for calculating the content of phospholipids. The cholesterol was assayed by following the well established method [18] . Representative pieces of testis tissue were fixed in Bouin solution, embedded in paraffin, sectioned, and stained with hematoxylin and eosin (H&E) for histolopathological examination.
Testicular biopsy scoring:
To evaluate histopathological changes of the somniferous tubules for both experimental and control testis, the degree of damage for each section was evaluated [19] . Using 10X objective lens, ten tubules were scored for each sample. Seminiferous tubule profiles were evaluated and each was given a score from 1 to 10 on the basis of the criterion according to table 1. Scoring was based on 10 tubule profiles for each testis and the average for each score was recorded. Scores below 10 were considered evidence of impaired spermatogenesis.
Statistical analysis:
Data were analyzed by a commercially available Statistical Package for Social Sciences (SPSS) program for Windows software. P-values <0.05 were regarded as statistically significant. Oneway Analysis of Variance (ANOVA) test was performed and post hoc multiple comparisons were done with least-squares differences (LSD).
Results
A) The effects of ischemia/reperfusion on spermatogenesis, in testicular tissue are presented in as micrographs showing the level of damage caused by testicular torsion/ detorsion compared to the control (Cso) and testicular biopsy scores for the testicular sections from the different groups Figure 1A -1F and Table 1 .
Primary testicular disease is the most common cause of male infertility in which patients present with late spermatogenic arrest or tubular atrophy [20] . Cross sections of testes from, controls sham operated, Csp; Torsion, T30 mins and reperfused, T30mins.R1h; T30 mins.R24h; T30mins R48h; T30 mins.R1wk groups of experimental animals were examined for disruption of spermatogenesis and changes were illustrated ( Figure 1 ).
Sham operated rats demonstrated normal seminiferous tubule morphology and no obvious damage was inflicted on the testis of the control sham operated group of experimental animals ( Figure 1 ). This was demonstrated by the high testicular biopsy score of 9.3±0.7 (M± SD) recorded for this group (Table 1) .
Cross sections from testes having received a 30 mins, 720° testicular torsion. T30 mins group of animals had seminiferous tubules showing normal spermatogenesis with some sloughing and tissue disorganization ( Figure 1B ) and also demonstrated by the testicular biopsy score of 8.7±1.5 (M±SD) recorded for this group (Table 1) .
Cross sections from testes of animal group, T30 mins. R1h, reperfused for 1 h by testicular detorsion employing anti clockwise rotation of spermatid cord after the testicular torsion for 30 mins, showed seminiferous tubules with mildly affected spermatogenesis. Severe sloughing and tissue disorganization was noted ( Figure 1C ). The testicular biopsy score of 9.1±0.7 (M±SD) was obtained (Table1).
Cross sections from testes of animal group, T30 mins R24h reperfused for 24 hours detorsion after testicular torsion of 30 mins, duration exhibited seminiferous tubules with severe sloughing and disorganization. Damage was at the spermatozoa, spermatids and some spermatocytes level. The interstitial was disorganized and contained some blood ( Figure 1D .). The testicular biopsy score of 8.3±1.7 (M±SD) was observed (Table 1) .
Cross sections from testes of animal group, T30mins R48h, reperfused for 48 hours after testicular torsion of 30 mins, duration depicted sloughing and disorganization of seminiferous tubules.
Damage was at the level of spermatozoa, spermatids and some spermatocytes. The interstitial was disorganized and contained some blood ( Figure 1E ). The observed testicular biopsy score of 6.7±1.3 (M±SD) indicated progressive severity in the impairment of spermatogenesis (Table1).
Cross sections from testes of animal group, T30mins R1 week, reperfused for 1 week after testicular torsion of 30 mins. Duration showed sloughing and disorganization of seminiferous tubules. Damage was at the level of spermatozoa, spermatids, spermatocytes and spermatogonia. The interstitial was disorganized and contained some blood. Sertoli's cells formed multinuclear giant cells. Some tubules were affected at the level of Sertoli's cells ( Figure 1F ). The observed testicular biopsy score of 2.8±2.5 (M±SD) indicated progressive severity in the spermatogenesis (Table1).
The effects of ischemia / reperfusion injury on the levels of total protein in rat testicular tissue are denoted in Table 2 .
It became evident from the data that the protein level was significantly lower in torsioned testis group compared to the sham operated control group. After 1 hour reperfusion the levels rose significantly compared with torsed testis and control groups. The protein content started declining with the increase in the duration of reperfusion and by 1 week the protein content reached almost the control group level. Table 3 represents the alterations observed in phospholipids as a result of ischemia/reperfusion over different periods of reperfusion after torsion for 30 minutes.
When observations were expressed as per milligram of protein, phospholipid levels did not alter significantly in torsed testis and 
Score Description
Groups Scoring was based on 10 tubule profiles for each testis and the average for each score was recorded. Scores below 10 were considered evidence of impaired spermatogenesis. reperfusion groups except in 1week reperfusion group a significant decline was observed compared to 24hours reperfusion group. After 1 hour reperfusion, the phospholipid levels significantly increased compared with torsed testis and control groups. Thereafter, the levels declined with the increase in reperfusion duration in which 24 and 48hours reperfusion groups showed a significant decrease compared to 1hour reperfusion group, and the phospholipid levels were lowered compared with 1hour and 24hours reperfusion groups in 1 week of the reperfusion. The data on the effects of varying durations of reperfusion following testicular torsion on the cholesterol level are exhibited in Table 4 .
The cholesterol levels when expressed on the basis of per milligram protein were significantly increased in torsed testis group compared with the control group. Following reperfusion for a period of 1hour to 1 week, there was a significant decrease in cholesterol level compared to control and torsed testis groups except for 48 hours reperfusion group which did not show any significant alteration.
Discussion
Previous studies in a rat model of testicular torsion found that a 720° rotation is virtually sufficient to eliminate testicular blood flow [9, 11] and that reperfusion begins immediately after the repair of torsion and the blood flow returns to control value [9] .
Spermatogenesis is an extremely active replicative process. The high rates of cell division inherent in this process imply correspondingly high rates of mitochondrial oxygen consumption by the germinal epithelium. However, Oxygen tensions in this tissue are low because of the poor vascularization of the testes. The low oxygen tension that characterizes this tissue may be an important component of the mechanisms by which the testes protects itself from free radicalmediated damage.
But with the torsion, both spermatogenesis and Leydig cell steroidogenesis are vulnerable to oxidative stress. In general, free radical generation that exceeds the capacity of antioxidant defenses results in oxidative stress which possibly elicits irreversible degenerative responses or necrosis in living cells [21] .
In the present study, the histopathological changes observed in the testicular tissue on torsion and detorsion indicate the effect of ischemia in a designated period of 30 minutes and is evident from the score (table 1) and the cross sectional view of Photomicrograph ( Figure 1B) . While Seminiferous tubules show normal spermatogenesis, and exhibit all stages of spermatogenic cells including abundant spermatozoa, however, some sloughing and tissue disorganization has set in. This could possibly be due to the initiation of degenerative process as a result of increased lipid peroxidation and the cellular ATP depletion.
In one of the previous study, extensive apoptosis is a phenomenon that occurs regularly in the germinal epithelium of the contralateral testis in testicular torsion. Specifically primary and secondary spermatocytes are predominantly affected. Notably spermatogonia, capillary endothelium, connective tissue and peritubular fibroblasts are rarely involved. The trauma to the blood-testis barrier initiated by testicular torsion induces the release of apoptotic activating factors (cytokines), which subsequently cause extensive apoptosis in the germinal epithelium of the contralateral testis. Therefore, it is probable that repeat apoptotic episodes may explain the high incidence of infertility in these patients [22] . the decline in the testicular membrane constituents, protein and phospholipid, content in the present study lend support to this contention. The cholesterol content, however, was raised, perhaps due to the accumulation in the face of reported decline in testicular androgen production suggesting I/R stress might play a role in Leydig cell dysfunction, as well as by acting directly in germ cell apoptosis [23] . Similar observations have been reported in the literature in higher period of torsion earlier.
The photomicrograph of the cross section of the testes after 1 hour of reperfusion shows mildly affected spermatogenesis with severe sloughing and tissue disorganization ( Figure 1C ). Slight improvement in the scoring (Table 1) might be due to the regaining of blood supply and with this the supply of nutrients and oxygen. The significantly elevated protein contents and cholesterol showing reverse trend also support our observation of the improvement in the tissue histology in this group of animals.
Further reperfusion over a period of 24 hours, 48 hours and 1 week indicate progressive deterioration in testicular histology at the level of spermatozoa, spermatids and some spermatocytes with severe sloughing and disorganization. Additionally, a significant appearance of sertoli's cells becoming multinuclear giant cells with some tubules getting affected at the level of Sertoli's cells in 1 week reperfusion ( Figure 1F ).
The formation of multinucleated cells, constituted by young spermatids have been shown in another study [22] , similar observations in rats using D-thio-glucose were reported earlier [23] . This is a compound that interferes with glucose metabolism [24] . It may indicate some kind of change on the spermatogenic cycle.
The observed testicular biopsy score of 9.1±0.7 in 1 hour reperfusion to 2.8±2.5 (M±SD) in 1 week reperfusion indicate progressive severity with time ( Table 1 ). The progressive histopathological damage in the testicular tissue with the increase in the duration of reperfusion may be accounted with the progressive oxidative stress, encountered in oxygen supply, leading to lipid peroxidation of the tissue membranes and initiation of the apoptotic events. The progressive decline in the testicular protein, phospholipid and cholesterol with the increasing duration of the reperfusion in the present study further weigh the possibility of generation and accumulation of toxic reactive oxygen species that may damage several cellular components by lipid peroxidation of cell membrane lipids. Unilateral testicular torsion is a pathological process that affects stages VI-XI of cycle of the seminiferous epithelium (CSE) in the contralateral non-twisted testis in torsion/detorsion and torsion/ orchiectomy states. These, coincidentally, are the stages that express low SOD levels [22] [23] [24] [25] . Moreover, post-ischemic reperfusion, conditions that lead to selective death of germ cells in vivo, caused the very long chain poly unsaturated fatty acids (VLCPUFA) to disappear from the testicular sphingomyelin and cerebrosides of adult fertile rats, showing that these lipids are specific traits of spermatogenic cells [26, 27] .
Torsion/detorsion develops a precipitating state of oxidative stress in the testes and impairing the latter's ability to produce viable spermatozoa capable of initiating and supporting embryonic development.
